Objective-To test the hypothesis that the essential fatty acid, linoleic acid, measured in adipose tissue as an indicator of long term dietary intake, is inversely related to the risk of sudden cardiac death. Design-A population case-control study. Setting-A regional health district. Subjects-84 men (age 25-64 years) who died instantaneously or within 24 hours of the onset of symptoms with no history of coronary heart disease or medically treated hyperlipidaemia, and in whom coronary artery disease was diagnosed at postmortem examination as the primary cause of death, were compared with 292 age (to within two years) and sex matched healthy controls and their partners drawn from the general practitioners' records with whom the cases were registered. 
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Objective-To test the hypothesis that the essential fatty acid, linoleic acid, measured in adipose tissue as an indicator of long term dietary intake, is inversely related to the risk of sudden cardiac death. Design-A population case-control study. Setting-A regional health district. Subjects-84 men (age 25-64 years) who died instantaneously or within 24 hours of the onset of symptoms with no history of coronary heart disease or medically treated hyperlipidaemia, and in whom coronary artery disease was diagnosed at postmortem examination as the primary cause of death, were compared with 292 age (to within two years) and sex matched healthy controls and their partners drawn from the general practitioners' records with whom the cases were registered. Main To validate the female partner's report of the man's demographic details, medical history, smoling habit, alcohol consumption, and family history of heart disease, male controls and their partners were interviewed independently by the same physician (TLR). In the men, height, weight, and waist and hip circumference were measured while they were lightly clothed. Sitting blood pressure was measured in the left arm after five minutes rest with diastolic pressure measured at phase V (Hawksley random zero sphygmomanometer). A non-fasting sample of blood was taken by vacutainer, centrifuged, and aliquots of serum and plasma were stored at -70°C. Adipose tissue was sampled from 292 (82.0%) male controls under local anaesthetic (2% lignocaine) from the anterior abdominal wall with syringe suction through a 16 gauge needle, washed in a freshly prepared 1% solution of vitamin C in normal saline, and stored at -70°C. Thirty two controls refused to give a sample. Thirty subjects reported a history of coronary heart disease at the health check and were therefore not asked to give a sample. Therefore, 230 (64 6%) male controls had adipose tissue sampled and questionnaires were answered by themselves and their wives.
LABORATORY PROCEDURES
All laboratory analyses were performed by the cardiovascular research unit and the staff were not aware whether the samples were from cases or controls.
The samples of adipose tissue were thawed, rinsed in saline, and the lipids were extracted into distilled heptane. This extract was then washed with isopropanol (0 05%) in potassium hydroxide (w/v) to remove nonesterfied fatty acids and phospholipids. carbon atom (n-x). tComplex peak including C20:ln-1 1. §Complex peak including C20:0. (1-2 to 12-9) (0-7 to 8-5) (0-9 to Adjustedt odds ratio (95% CI) 4-4 3-5 2-4 3-0 1
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and triglycerides from fasting serum.9 Cases of non-fatal and fatal myocardial infarction and sudden death had a significantly lower concentration of linoleic acid, and lower total polyunsaturated fatty acids in phospholipids but not cholesterol esters, than in controls. This relation was only significant for those in the lowest quintile of fatty acid distribution but was independent of age, smoking, blood pressure, cholesterol and triglyceride concentrations, obesity, and glucose tolerance. Two other surveys of populations at necropsy have examined the composition of adipose fatty acids and its relation to death from CHD. Thomas and Scott studied necropsies drawn from 10 areas in England and Wales and found that adipose linoleic acid was almost identical in the cases of death attributed to CHD and to other causes.'0 In the United States Strong et al compared both black and white men who died from CHD with men who had died from external violence (accident, suicide, or homicide) or any natural cause other than atherosclerotic disease." Again there was no difference in adipose linoleic acid in those who died from CHD or from other causes, regardless of ethnic origin. Both studies included men with a history of CHD before death, who might have increased their consumption of polyunsaturated fats, thus potentially obscuring a real difference in linoleic acid. In our dietary survey men with a reported diagnosis of CHD (either myocardial infarction or angina pectoris) did have a higher dietary intake of linoleic acid, and a correspondingly higher adipose concentration compared with those in whom we made the diagnosis.6 This difference in linoleic acid is consistent with dietary change after diagnosis and is an important conservative bias in retrospective studies. In this study the men had no medical diagnosis of CHD before death and deaths were instantaneous, or within 24 hours of the onset of symptoms. So unlike previous population surveys this potential dietary bias does not exist, and the extent to which the victims of sudden cardiac death changed their diets after a diagnosis of systemic hypertension or diabetes could only underestimate the strength of the relation we have found between linoleic acid and sudden cardiac death.
In animal experiments diets rich in linoleic acid reduce the incidence of serious ventricular arrhythmias induced by coronary ligation in vivo. A strong inverse relation was found between adipose linoleic acid (r = -0.92) and the frequency of ischaemic ventricular fibrillation in rats feeding a diet with polyunsaturated:saturated fatty acid ratio of 2 for only four weeks.12 In a longer term experiment the incidence of ventricular tachycardia and fibrillation was significantly lower in rats fed with a supplement of sunflower seed oil for up to 20 months compared with a reference diet. Even after long-term feeding of saturated animal fatty acids the incidence of ventricular fibrillation both on coronary artery occlusion and reperfusion was significantly reduced by supplementing the rats' diet with sunflower seed oil.13 This is consistent with linoleic acid having a protective effect against these arrhythmias."4 Although there have been no dietary experiments in humans based on a linoleic acid supplement alone, the Oslo primary prevention trial in high risk middle aged men, which used a low saturated high polyunsaturated fatty acid diet, showed a significantly lower incidence of sudden cardiac death in the experimental group. '5 Although this inverse relation between linoleic acid and sudden cardiac death is consistent with our previous studies of non-fatal manifestations of this disease cautious interpretation is required. There is a strong inverse association between smoking and consumption of linoleic acid and therefore exposure to tobacco could be the real cause and diet a chance association. Alternatively, the relation between smoking cigarettes and CHD, which is largely unexplained except for a higher fibrinogen concentration in smokers, might be partly due to differences in the dietary habits of smokers and non-smokers. Our finding of an inverse relation between adipose linoleic acid and the risk of sudden cardiac death is consistent with that already shown for both acute myocardial infarction and angina pectoris,7 and the scientific evidence for causality is strengthened through showing these relations in different populations, at different times, and separately for the major clinical manifestations of CHD.A7 The most likely explanation for these findings is that men who choose diets poor in linoleic acid predispose themselves to the development of angina pectoris, myocardial infarction, and sudden cardiac death. The proportionate storage of linoleic acid in adipose tissue is largely determined by long-term dietary intake, and therefore provides a unique retrospective measure of consumption of this essential fatty acid in victims of sudden cardiac death, although other explanations such as differences in absorption, fatty acid metabolism, and storage of linoleic acid cannot be excluded.
The Committee on Medical Aspects of Food Policy reporting on diet and cardiovascular disease in the United Kingdom recommended a reduction in total fat, and saturated fat in particular, but no specific recommendations were made for polyunsaturated fatty acids. '7 We believe the epidemiological, clinical, and experimental evidence of an inverse relation between linoleic acid, the principal polyunsaturated fatty acid, and CHD is now sufficiently strong to recommend that populations with a high mortality from CHD might benefit from supplementing their eating habits with more polyunsaturated oils, principally from cereals and vegetables. Although 
